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Abstract
An outcrop of Late Jurassic (Kimmeridgian) age in Lower Saxony (NW Germany) has yielded small teeth probably of 
crocodilian origin. The dental morphology is still unknown among crocodiles and indicates a durophagous habit. The teeth 
are provisionally referred to as Metasuchia fam., gen. et sp. indet.
Zusammenfassung
In einem oberjurassischen (kimmeridgezeitlichen) Aufschluß in Niedersachsen (NW-Deutschland) sind kleine Zähne ge­
funden worden, die wahrscheinlich von einem Krokodil stammen. Die Zahnmorphologie ist allerdings bei rezenten und 
fossilen Krokodilen bislang noch nicht beobachtet worden und weist auf durophage Ernährung hin. Die Zähne werden 
unter Vorbehalt den Metasuchia fam., gen. et sp. indet. zugeordnet.
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INTRODUCTION
Microvertebrate remains can occur fairly frequently in 
the sample residues that micropalaeontologists sort for 
microinvertebrate fossils such as foraminifers or ostra- 
cods. Most of these remains are tiny fish teeth. Some­
times these teeth are even illustrated in the papers of 
micropalaeontologists, but are often labelled only as 
“fish tooth indet.” - meaning the indeterminable tooth 
of some kind of fish (Arbeitskreis Deutscher Mikro- 
palaontologen, 1962;Weiler, 1957; Zihrul, 1990). 
Prompted by some problems in the stratigraphic cor­
relation of North German Late Jurassic rocks, one of 
the present authors (D. Thies) started some time ago to 
study Late Jurassic microvertebrate remains from North 
Germany. The study aimed to evaluate the stratigraphic 
significance of the microvertebrate remains present in 
the North German Late Jurassic rocks. Most of the 
material collected for this investigation consists of actin- 
opterygian teeth. The lesser part comprised elasmo- 
branch microvertebrate remains. The material also in­
cluded 62 crocidilian teeth. Of these, 59 belong to an 
atoposaurid crocodile which was described by Thies et 
al. (1997) as a piscivorous element of the fauna living 
along the coasts of the Late Jurassic North German basin. 
The remaining three teeth differ in morphology from 
those of the atoposaurid crocodile, and by their blunt 
shape indicate a hard-shelled diet. Durophagous 
crocodiles are unknown today and occurred only rarely 
in crocodilian evolution. One example was made known 
from the Early Cretaceous of Spain (Brinkmann, 1989; 
1992). Durophagous crocodilian teeth have not been 
observed before in the Late Jurassic sediments of North 
Germany and will be described here for the first time.
STRATIGRAPHIC AND GEOLOGICAL 
SETTING
A schematic drawing of the section of Late Jurassic rocks 
in North Germany is shown in Fig. 1. The se-quence is 
subdivided into several lithostratigraphic units with the
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Fig. 1 : - Scheme of the lithostratigraphic division of 
the Late Jurassic rocks in North Germany (after 
Gramann, 1983).
“Oxfordton” at the base and the “Münder Mer-gel” at 
the top. Problems of correlation with Late Jurassic 
rocks outside North Germany arise from the lack of 
index ammonites in most of the horizons. Also, the 
microinvertebrate faunas are endemic and are therefore 
of only limited significance for stratigraphy.
Microvertebrate remains are known to occur in nume­
rous Late Jurassic horizons in North Germany (Wei­
ler, 1957; Thies, 1993; Thies & Mudroch, 1996). How­
ever, most of the material on which our studies of 
micro-vertebrate remains are based were collected from 
Kim-meridgian rocks.
Fig. 2 : - Location of the „Rohstoffbetriebe Oker“ 
quarry in North Germany (from Thies, 1995).
LOCALITY, METHODS, AND MATERIAL
Locality
The material was collected in the “Rohstoffbetriebe 
Oker” quarry, where there is the best exposure of Kim- 
meridgian rocks in North Germany. The quarry is situa­
ted on the southern slope of the Langenberg, 5 km east 
of the town of Oker (Goslar) at the northern edge of 
the Harz mountains in North Germany (grid reference: 
To-pogr. Karte 1:25.000, Bl. 4029 “Vienenburg”, Hoch 
5753075, Rechts 3603175; Fig. 2). The section exposed 
in the quarry consists of interbedding of limestones 
and marls, and stratigraphically covers the Late 
Oxfordian and parts of the Kimmeridgian. A schematic 
drawing of the Kimmeridgian part of the section is 
shown in Fig. 3. Details of the geology, stratigraphy, 
lithology, and facies characters of the succession in 
the Oker quarry were summarized by Fischer (1991).
Methods
The crocodile teeth were recovered from residues re­
sulting from bulk sampling taken exclusively from the 
Kimmeridgian part of the sequence. Samples with an 
average weight of approximately 20 kg were taken pre­
ferably from softer marl beds. The carbonate matrix 
was removed with 5-10% acetic acid. The samples 
were
Fig. 3 (opposite page): - Schematic drawing of the 
Kimmeridgian rock section exposed in the „Rohstoff­
betriebe Oker“ quarry, North Germany (modified after 
Fischer, 1991).
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Fig. 4: - Teeth of Metasuchia fam., gen. et sp. indet. A - specimen GPH 2001-III-1 in lateral view, B - specimen 
GPH 2001-III-2 in apical view, C - specimen GPH 2001-III-3 in apical view.
sieved using a mesh width of 0.3 mm. The residues were 
sorted for micro vertebrate remains. Most of the remains 
sorted out were actinopterygian and elasmo-branch oral 
teeth and placoid scales and have already been reported 
on (e.g. Mudroch & Thies, 1996; Thies 1995; Thies & 
Candoni, 1998).
Material
The residues of the samples from the horizons nos. 81 
and 88 (indicated by arrows in Fig. 3) contained three 
tiny teeth of a durophagous crocodile, and it is these 
which form the basis of the present study. The specimens 
are housed in the collection of the Institut für Geologie 
und Paläontologie der Universität Hannover (GPH) 
under catalogue numbers 2001-III-1 to 2001-III-3.
SYSTEMATIC PALAEONTOLOGY
Description of the specimens
Specimen GPH 2001-III-1 (Figs. 4A, 5A): This spe­
cimen is the largest of the three teeth, with an ap­
proximate diameter of 0.9 mm. Its overall shape is 
globular. The tooth base has been broken and is irre­
gularly shaped. From the alveolar side, traces of the 
pulpa are visible. Viewed laterally, the apex of the tooth 
has an elevated, even shelf. From the apical side, the 
outlines of the apical shelf are irregular; the margins are 
not circular, but show wave-like outlines. The sur-face 
of the shelf itself is slightly concave. All around the 
upper half of the tooth, there are radial striations which
continue onto the lateral surface of the apical shelf. There 
is a smaller striation in between each second or third 
larger one. The striations are not very pronounced. Their 
apical endings taper into the shelf, forming a slight ang­
le.
Specimen GPH 2001-III-2 (Figs. 4B, 5B): This spe­
cimen is markedly smaller than GPH 2001-III-1, less 
than 0.5 mm in diameter. Only its upper half has been 
preserved. Like the larger specimen, it has an overall 
globular shape and a peculiar small shelf on the apex. 
This minute “plateau” is irregularly shaped in apical 
view. There are many striae all over the tooth fragment. 
The striation was most probably restricted to the upper 
half of the tooth. Since the base of the tooth is absent, 
this is a tentative interpretation deduced from known 
crocodile teeth.
Specimen GPH 2001-III-3 (Fig. 4C): This specimen is 
the smallest of the three teeth, clearly less than 0.5 mm 
in diameter. It has a slightly elongated shape in apical 
view. It has some, but not many, striations. The striae 
themselves are markedly large in comparison to the 
overall size. The apex seems to be in a worn condition: 
an irregularly shaped concavity forms a morphological 
“crater”, with a discernible rim around it. The striations 
continue up to the edge of the collar-like rim.
Discussion
The different forms of morphology of the three teeth 
described here seem to be either the apically enlarged 
form with the plateau-like shelf (GPH 2001-III-1, GPH
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2001-III-2) or the corroded and worn type (as seen in 
GPH 2001-III-3) with a rounded and slightly flat-tipped 
crown. Nonetheless, all remaining characteristics except 
the strange additional shelf on the tooth crown of GPH 
2001-III-1 and GPH 2001-III-2 allow the three teeth to 
be categorised as belonging to juvenile crocodiles with 
a durophagous habit. Characteristics indicating a duro- 
phagous lifestyle are:
- globular, spherical overall morphology
- marked vertical striations on the crown
- slightly thickened enamel layer (as seen at the edges
of broken base parts).
In terms of size, the three teeth fit well into the size 
range of actinopterygian teeth which occur frequently 
in the horizons from which the described specimens 
come. In their morphology, however, the teeth differ 
considerably from all that has been observed in actin­
opterygian teeth so far. This is particularly so with re­
gard to the common occurence of a differentiated apex 
together with a vertical striation in the same specimen. 
In durophagous fishes the tooth crown is either smooth, 
spherical and lacking a differentiated cap and striations, 
as in Lepidotes (order Semionotiformes) for instance, 
or the crown is rather flat and has an irregular and 
elongated outline in apical view, as in the pycnodonts 
(Mudroch & Thies, 1996). This leaves only the reptiles 
as the probable group of origin of the three teeth.
Many mesosuchian crocodiles of Upper Jurassic and 
Lower Cretaceous origin exhibit such specialized or 
stabilized dentition (Steel, 1973). This holds equally true 
for marine mesosuchian crocodiles (e.g. Machimo- 
saurus) as for freshwater types (Unasuchus, Bernis- 
sartia - possibly an early eusuchian crocodile in the sense 
given by Norell & Clark, 1990). With regard to the 
ontogenetic series, the robust spherical teeth are 
positioned foremost within the posterior region of the 
snout, both in the upper and the lower jaw.
Depending on the ontogenetic stage of the individual, 
there may be higher or lower numbers of crushing teeth 
relative to the anterior cone-shaped ones, mostly only a 
few in the early juvenile stages and more during growing 
age. A gradation is apparent between the cones and the 
spheres so that, within one specimen, five or six 
morphotypes of teeth can be observed. Due to the fact 
that crocodile dentine does not usually form any part of 
the external morphology - the wrinkles and striations 
are merely part of the enamel layer (Sander, 1999) - any 
comosive effect or even a possible digestion of the teeth 
within the stomach of a predator can be excluded.
The faint development of the striations is due to the ex­
treme youth of the individuals. According to their early 
ontogenetic age, they only have a few of these crushing
0,5 mm
Fig. 5 : - Teeth of Metasuchia fam., gen. et sp. indet. 
SEM photographs of the specimens 2001-III-1 (A, la­
teral view) and 2001-III-2 (B, apical view).
teeth on the posterior part of their short jaws. The 
presence of striations, no matter what age the in-dividual 
was, clearly demonstrates the important stabi-lization 
effect which the miniature rims have on the tooth as a 
whole when used for crushing. It should be noted, 
however, that in juvenile individuals “crushing” hardly 
means more than seizing and keeping hold of small prey 
such as little arthropods. Only subadult and adult 
durophagous crocodiles had a jaw apparatus strong 
enough to actually crush a hard-shelled diet like 
molluscs, larger arthropods or even turtles with their 
teeth.
In the absence of comparable material and published 
data, we tentatively identify the three teeth as belonging 
to a juvenile or even dwarf representative of the Mesosu- 
chia with unknown familial, generic and specific affini­
ties.
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